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Abstract
Weak current-induced baryonic form factors at zero recoil are evaluated in the rest frame of
the heavy parent baryon using the nonrelativistic quark model. The heavy quark eective theory
predictions for the 1=m
Q
corrections to antitriplet-antitriplet heavy baryon transitions at the sym-
metric point v  v
0
= 1 are reproduced. However, the quark model approach has the advantage that





behavior, we have applied the quark model form factors to nonleptonic, semileptonic
and weak radiative decays of the heavy baryons. It is emphasized that the avor suppression factor
occurring in many heavy-light baryonic transitions is very crucial towards an agreement between






. Predictions for the decay modes
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b

















In the heavy quark eective theory (HQET), there are two dierent types of 1=m
Q
cor-
rections to the hadronic form factors: one from the 1=m
Q
correction to the current operators,
and the other from the presence of higher dimensional operators in the eective Lagrangian
[1]. The latter amounts to the hadronic wave-function modications. In general, the predic-
tive power of HQET for 1=m
Q
eects is very limited by the fact that we do not know how
to carry out rst-principles calculations for the hadronic matrix elements in which higher





several new unknown functions are necessarily introduced besides the leading Isgur-Wise













for B ! D transition, whose normalizations are not




vanish at the zero-recoil point !  v  v
0
= 1 [2]. Since
the Isgur-Wise functions are not calculable from perturbative QCD or HQET, a calculation
of them should be resorted to some models. It is known that the Isgur-Wise functions have
some simple expressions in the quark model. Denoting the heavy meson wave function by






+    ; (1)
where  
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function (v  v
0















) and  
0
[3].
In the heavy baryon case, there exist three Isgur-Wise functions in the heavy quark




(!) for sextet-sextet transition.
In principle, these functions are also calculable in the quark model though they are more
complicated. However, a tremendous simplication occurs in the antitriplet-antitriplet heavy






corrections only amount to renormalizing the function
(!) and no further new function is needed [4]. This simplication stems from the fact that




and that the diquark of









form factors are predictable in HQET and certain heavy quark symmetry relations
among baryonic form factors remain intact. Since HQET is a theory, its prediction is model
independent. To our knowledge, there are two quark-model calculations in the literature
1
We follow the notation of Ref.[1] for subleading Isgur-Wise functions. The new function (!) arises from






eects on baryonic form factors [5,6]. Since the quark-model wave function
best resembles the hadronic state in the rest frame, form factors ought to be rst evaluated
at the zero recoil point. Unfortunately, none of the calculations presented in [5,6] is in
agreement with HQET predictions. Moreover, several heavy quark symmetry relations for
baryonic form factors are not even respected in Ref.[5]. While this discrepancy is resolved
in Ref.[6], the 1=m
Q
corrections obtained in this reference are still inconsistent with HQET
in magnitude.







form factors are reproducible in the nonrelativistic quark model. Since the quark
model is most reliable when the hadron is at rest, we will thus conne ourselves to the zero
recoil kinetic point. Instead of evaluating the baryonic Isgur-Wise functions, we will make
the conventional pole dominance assumption for the q
2
dependence to extrapolate the form
factors from maximum q
2
to the desired q
2
point. Since corrections to the form factors due
to the modied wave functions vanish at zero recoil (see Sec. II), the nonrelativistic quark







symmetric point v  v
0
= 1. Moreover, it becomes meaningful to consider in this model the
1=m
s
corrections to, for example, 
Q
!  and 
Q
!  form factors at maximum q
2
so long
as the recoil momentum is smaller than the m
s
scale.
The layout of the present paper is as follows. In Sec. II we will derive, within the












are reproduced in this quark-model calculation. Assuming a pole behavior for
the q
2
dependence of the form factors, we will apply in Sec. III the quark-model results for
baryonic form factors to nonleptonic weak decays, semileptonic decays and weak radiative
decays. Sec. IV comes to our conclusion.
II. Baryonic Form Factors in the Nonrelativistic Quark Model




































































. When both baryons are heavy, it is also convenient to parametrize the
3














































with !  v  v
0





































































































































). Since the quark model is most trustworthy when the









in the rest frame of the parent baryon B
i





, we need to keep the small recoil momentum ~q in Eq.(2) when recasting the
4-component Dirac spinors in terms of the 2-component Pauli spinors.




















































































where  is a Pauli spinor. In the rest frame of B
i


























































































































































































































































































































. We will follow closely Ref.[6] for this task. Suppose that the parent
baryon B
i




behavioring as a spectator
diquark, and that the nal baryon B
f
is composed of the quark q (being a heavy quark Q
0
or a s quark) and the same light diquark as in B
i
. Denoting the spatial coordinates of the


















































, which is in practice close to m
i
, so that ~r
12
is the relative
coordinate of the two light quarks, and ~r
`
is the relative coordinate of Q and the c.m. of the
































































and the relative momenta of the quarks in the baryon B
f
denoted with primes are related































. Note that the recoil momentum of the daughter baryon B
f
is  ~q.



























































is the Clebsch-Gordan coecient for the combination of three constituent
quarks into a spin-
1
2
































)Q. In the quark model the






































































































































` ) as the































































































































integrated over. These factors do not appear in our Eq.(16).
6

















































































































































































































































































acting on the heavy quark Q. In deriving Eq.(18) we have applied the normalization























i = 1; (20)
where 
s
= (2 ""#   "#"   #"")=
p
6 is the spin wave function for the sextet heavy baryon
and 
A
= ("#"   #"")=
p









































































































































































































































. When both baryons are heavy, the form factors dened in Eq.(3) have






























































































































































































































































































form factor in the heavy quark limit. The

























































































form factors at the
symmetric point ! = 1 are in agreement with HQET, as it should be.
We now make a comparsion with the quark model calculations in Refs.[5,6]. Quark-
and bag-model wave functions in the coordinate space are used to evaluate the baryonic
























transition implied by HQET are not respected by















heavy quark limit according to HQET. The reader can check that the form factors obtained
in Ref.[5] do not satisfy this feature of heavy quark symmetry.
Our evaluation of baryonic form factors is quite close to that of Singleton [6] except for














(see the footnote there). Besides the 1=m
q
corrections we have also included 1=m
Q
eects.



























































































transition. Comparing with (25), it is evident that the 1=m
c
corrections in (27)
are too large by a factor of 2; that is, the quark model calculations by Singleton do satisfy






baryonic form factors at maximum q
2
(22) obtained in the nonrelativistic
















are concerned, the nonrelativistic quark model predictions for the form factors at ! = 1
are in accordance with HQET, the two approaches dier in two main aspects: (i) HQET
















basically treated nonperturbatively in the nonrelativistic quark model. Near zero recoil in the





<< 1, where  ~q is the recoil momentum of the daughter baryon. Consequently,
contrary to HQET, 1=m
s
modications to the form factors near v v
0
= 1 become meaningful
in the quark model. (ii) Going beyond the antitriplet-antitriplet heavy baryon transition, the
predictive power of HQET for form factors is lost owing to the fact that 1=m
Q
corrections




are not calculable by
perturbative QCD. However, such corrections are expected to vanish at zero recoil in the
quark model.
4
This is so because the physical results at the symmetric point ! = 1, where
both parent and daughter baryons are at rest, should be independent of the explicit form





acting on  
0
[see Eq.(1)], whose explicit expression is model dependent. As a result, the
nonrelativistic quark model results (22) for weak current-induced form factors evaluated at
maximum q
2
are applicable to any heavy-heavy and heavy-light baryonic transitions.
Experimentally, the only information available so far is the form-factor ratio measured
in the semileptonic decay 
c
! e. In the heavy c-quark limit, there are two independent
form factors in 
c






























Assuming a dipole q
2
















This is known to be true in the meson case. Among the four subleading Isgur-Wise functions
(!); 
1;2;3




vanish at ! = 1 and that (!) = 
2
(!) = 0
in the quark model [3].
10
CLEO to be [8]















































have the same q
2
dependence, we can apply the






































= 500 MeV. This is consistent with experiment (29), but it should be kept in mind
that 1=m
c
corrections, which are potentially important, have not been included in (29) and
(32).
III. Applications
In this section we will apply the baryonic form factors obtained in the nonrelativistic
quark model to various physical processes. Since the form factors in (22) are evaluated at


































) is the pole mass of the vector (axial-vector) meson with the same quantum
number as the current under consideration. In practice, either monopole (n = 1) or dipole
(n = 2) q
2
dependence are adopted in the literature. For deniteness, we will choose the





















being the pole mass, it is clear that G(q
2













. The function (!) has been













; MIT bag model [10].
(35)
11
Using the pole masses m
V
= 6:34 GeV and m
A







) is compatible with (!) only if n = 2.
3.1 Semileptonic decay


































= 2:536 GeV [11], the form factors at q
2
= 0 are





































































where uses of m
c
= 1:5 GeV and m
s
= 500 MeV have been made. From the avor-spin wave
function of 
c




















+ (13) + (23)]; (37)





















The computation of the baryon semileptonic decay rate is straightforward; for an analytic










































3, which was already noticed in
[6,13,14], is very crucial for an agreement between theory and experiment. In the literature
it is customary to replace the s quark in the baryon  by the heavy quark Q to obtain
the wave function of the 
Q
. However, this amounts to assuming SU(4) or SU(5) avor





















would have been too large by a factor of 3 !
12
For completeness, the nonrelativistic quark model predictions for the decay rates of
semileptonic decays of heavy baryons are summarized in Table I. We will not consider the




). Two remarks are in order. (i) We have used jV
cb









e. (ii) The parameter

 is process






e, whereas it is only



































































































At the quark level, the nonleptonic weak decays of the baryon usually receive contri-
butions from external W -emission, internal W -emission and W -exchange diagrams. At the
hadronic level, these contributions manifest as factorizable and pole diagrams. It is known
that, contrary to the meson case, the nonspectator W -exchange eects in charmed baryon
decays are of comparable importance as the spectator diagrams [16]. Unfortunately, in gen-
eral it is dicult to estimate the pole diagrams. Nevertheless, there exist some decay modes
of heavy baryons which proceed only through the internal or external W -emission diagram.
Examples are
internal W emission : 
b
! J= ; 
b






! p;   











Consequently, the above decay modes are free of nonspectator eects and their theoretical
calculations are relatively clean.
In this subsection we shall study two of the decay modes displayed in (41), namely

b
! J=  and 
c
! p. The general amplitude of 
b
! J=  has the form
A(
b








































is the polarization vector of the J= . Under factorization assumption, the internal
W -emission contribution reads
A(
b






















































































































































































The decay rate reads [18]
 (
b



































































































is the c.m. momentum. Using jV
cb
j = 0:040 [15],  (
b





 0:23 [19], and f
J= 









) = (5:27  0:37) keV [11], we nd
B(
b
! J= ) = 2:1 10
 4
: (48)
When anisotropy in angular distribution is produced in a polarized 
b
decay, it is governed









































! J= ) =  0:11 ; (50)
where the negative sign of  reects the V  A structure of the current.
The 
b











) is the fraction of b quarks fragmenting into 
b
. Assuming F (
b




! J= ) = (1:8  1:1)%: (52)
However, both CDF [22] and LEP [23] did not see any evidence for this decay. For example,
based on the signal claimed by UA1, CDF should have reconstructed 30  23 
b
! J= 





! J= ) < 0:50  10
 3
: (53)





! J= ) < 1:1  10
 3
: (54)
Hence, a theoretical study of this decay mode would be quite helpful to clarify the issue. The
prediction (48) indicates that the branching ratio we obtained is two orders of magnitude
smaller than what expected from UA1 (52).
We next turn to the Cabibbo-suppressed decay 
c
! p. As emphasized in Ref.[16],
this decay mode is of particular interest because it provides a direct test of the large-N
c
approach in the charmed baryon sector, though this approach is known to work well for the
nonleptonic weak decays of charmed mesons. From the avor-spin wave function of the 
c









+ (13) + (23)]; (55)
5
Our previous study on 
b
! J=  [20] has a vital sign error in Eq.(14) for the expression of the D-wave
amplitude, which aects the magnitude of the decay rate and the sign of decay asymmetry. Moreover, the


















Since the calculation is very similar to that of 
b
! J= , we simply write down the results:
B(
c








! p) =  0:10 ; (57)
where we have applied f









= 2:42 GeV. As the
Wilson coecient c
2






! p) = 7:1 10
 4
: (58)
Therefore, in order to test 1=N
c
expansion and the nonrelativistic quark model for the form
factors, the experimental accuracy should be reached at the level of a few 10
 4
. Experimen-





(1:8  1:2) 10
 3
; ACCMOR [24];




Finally, it is worth remarking that it is important to take into account the eect of the




) on the factorizable contributions to the nonleptonic
two-body decays of charmed baryons; such eects thus far have not been considered in the
literature [16,26].
3.3 Weak radiative decay
Recently the weak radiative decays of B mesons and bottom baryons have been system-
atically studied in Ref.[27]. At the quark level, there are two essential mechanisms respon-
sible for weak radiative decays: electromagnetic penguin mechanism and W -exchange (or
W -annihilation) bremsstrahlung. The two-body decays of the bottom baryons proceeding


























In this subsection, we shall study the above weak radiative decay modes using the nonrela-
tivistic quark model in conjunction with the heavy b-quark symmetry.
16












































where q is the photon momentum, F
2








[28] and it is
numerically equal to 0.65 for 
QCD
= 200 MeV and m
t
= 174 GeV. In order to evaluate the





















































































































































































In order to apply the heavy quark symmetry relation (62), we shall neglect 1=m
b
correc-










! ) = 2:2  10
 18
GeV ; (67)
and a prohibited 
b






























) = 1:07  10
 12
s [11]. In Ref.[27] two dierent methods, namely the heavy s-
quark approach and the MIT bag model, have been employed to estimate the decay rate
of 
b
! . Our present result (68) is somewhat smaller than the prediction given in [27]
owing to the presence of the avor-suppression factor of 1=
p




corrections and the presence of higher dimensional operators in
the eective Lagrangian are the two sources of 1=m
Q
eects on the hadronic form factors.
In the present paper, we have employed the nonrelativistic quark model to evaluate the
weak current-induced baryonic form factors at zero recoil in the rest frame of the heavy
parent baryon, where the quark model is most trustworthy. Contrary to previous attempts
along this line, we have shown that the HQET predictions for antitriplet-antipriplet heavy
baryon transitions at v v
0
= 1 are reproducible in the nonrelativistic quark model. However,
the latter approach has two eminent features. First, it becomes meaningful to consider
1=m
s





eects arising from wave-function modications vanish at zero recoil in the quark
model. Consequently, the nonrelativistic quark model results for the form factors evaluated
at maximum q
2
are applicable to any heavy-heavy and heavy-light baryonic transitions.
We have applied our main results (22) in this paper to various decays of heavy baryons.
It turns out that it is inevitable to include a avor suppression factor, which occurs in







. The presence of this avor factor will of course aect the
predictions on the decay rates of many decay modes involving a transition from heavy to
light baryons. It is conceivable that some of our predictions can be tested soon in the near

















! J= ; 
c
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